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The effectiveness of carotid endarterectomy
(CEA) for stroke prevention in patients with severe
atherosclerotic carotid stenosis has been confirmed by
the results of the North American Symptomatic
Carotid Endarterectomy Trial and the Asymptomatic
Carotid Artery Study.1,2 The efficacy of CEA was
highly dependent on the completion of the procedure
with a low perioperative morbidity rate (<5%) and the
production of a durable repair with a low incidence of
recurrent disease or occlusion. To prevent residual or
recurrent stenosis and thus minimize the incidence of
ipsilateral stroke, it is essential to achieve a technically
precise carotid repair. Postoperative duplex ultra-
sound scan surveillance results of patients after CEA
have shown an incidence rate of residual or recurrent
stenosis (>50% diameter reduction [DR]) in the oper-
ated carotid artery in the range of 4% to 22%.3-10
Recent reports have indicated that the incidence rate
of residual or recurrent stenosis after CEA has
decreased from 20% to 36% in the early 1980s8 to
approximately 10% to 20%11-13 in the 1990s. When
intraoperative duplex scan monitoring is applied to
ensure an anatomically and hemodynamically precise
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Purpose: This study was undertaken to determine the appropriate timing and frequency
of duplex ultrasound scanning after carotid endarterectomy (CEA) for the detection of
high-grade stenosis caused by recurrent carotid stenosis or contralateral atherosclerotic
disease progression.
Methods: In 221 patients who underwent 242 CEAs, duplex scanning was performed
before, during, and after operation (in 3-month to 6-month intervals). High-grade
internal carotid artery (ICA) stenosis (peak systolic velocity, >300 cm/s; diastolic veloc-
ity, >125 cm/s; ICA/common carotid artery ratio, >4) prompted the recommendation
for repair. An average of four postoperative scanning procedures was performed during
a mean follow-up period of 27.4 months.
Results: Intraoperative duplex scan results prompted the immediate revision of 12 repairs
(4.9%), and one perioperative stroke (<1%) occurred. Six CEAs (2.7%) had asymptomatic
recurrent stenosis (>50% diameter-reduction [DR]; systolic velocity, >125 cm/s) devel-
op. Only one of six patients had >75% DR stenosis develop and underwent reoperation
(<1% yield for CEA surveillance). The yield of surveillance of the unoperated ICA was
higher (P = .003), and 12% of unoperated sides had progressive stenosis (n = 21) or
occlusion (n = 3) develop, which led to seven CEAs for high-grade stenosis. Disease pro-
gression to >75% DR stenosis was five times as frequent (P =.002) in patients with >50%
DR stenosis initially. All patients but one who required contralateral endarterectomy for
disease progression had >50% ICA stenosis when first seen. During the follow-up peri-
od, no disabling strokes ipsilateral to an operated carotid artery occurred, but three
strokes occurred in the hemisphere of the contralateral unoperated ICA.
Conclusion: The yield of duplex scan surveillance after CEA was low. Only 13 patients
(5.9%) had severe disease develop to warrant additional intervention. Progression of
contralateral disease rather than restenosis was the most common abnormality that was
identified. Duplex scanning at 1-year to 2-year intervals after CEA is adequate when a
technically precise repair is achieved and minimal contralateral disease (<50% DR) is pre-
sent. A policy of duplex scan surveillance and reoperation for high-grade stenosis was
associated with a 1.6% incidence rate of disabling stroke during the follow-up period.
(J Vasc Surg 1999;30:453-60.)
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result or when routine patch angioplasty is per-
formed, the incidence rate of restenosis is decreased
further (<5%). The natural history of recurrent or
residual internal carotid stenosis has not been fully
elucidated, but restenosis in the 50% to 75% DR
range has been associated with low risk of stroke or
occlusion, with many early postoperative lesions
showing regression with serial duplex scanning.14,15
However, high-grade internal carotid artery (ICA)
stenosis (>75% DR), whether caused by atherosclero-
sis or progressive myointimal hyperplasia, is associated
with an increased risk of late stroke.11,14
Bilateral carotid disease is common in patients
who are identified as candidates for surgical interven-
tion. Numerous study results have recommended the
postoperative surveillance of the unoperated carotid
bifurcation and the intervention for high-grade
stenosis in patients who are asymptomatic.11,13,15
The incidence of disease progression of the unoper-
ated contralateral carotid bifurcation after CEA has
not been well characterized and may differ from the
natural history of carotid bifurcation atherosclerosis
in the patient who is asymptomatic and had not
undergone operation. Because of an increasing need
to show the cost-effectiveness of noninvasive labora-
tory surveillance coupled with a policy of stroke pre-
vention, an optimal regimen of post-CEA duplex
scan monitoring is needed for the detection of recur-
rent ipsilateral and progressive contralateral carotid
stenosis. In this study, we have analyzed the inci-
dence of ipsilateral restenosis and contralateral dis-
ease progression in a consecutive series of 221
patients after 242 CEAs to define a rationale algo-
rithm for duplex scan surveillance.
METHODS
Patients. Two hundred seventy-three patients
who underwent carotid endarterectomy from 1990
to 1997 with intraoperative duplex scan monitoring
and postoperative duplex scan surveillance were
included in the study. Long-term clinical and duplex
scan follow-up examinations were available after 242
CEAs in 221 patients. Of these patients, 193 under-
went treatment at the University of South Florida
College of Medicine–affiliated hospitals and 28
patients underwent operation by an author (D.F.B.)
at the Medical College of Wisconsin. Fifty-seven
patients were women (26%), and 164 were men
(74%), with a mean age of 67 years (range, 36 to 92
years). Of the carotid endarterectomies, 37% were
for asymptomatic stenosis and 63% were for sympto-
matic disease. All the patients underwent preopera-
tive duplex scanning of both extracranial carotid
arteries that provided the baseline classification of
contralateral ICA disease. During a mean follow-up
interval of 28 months (range, 6 to 106 months), an
average of four postoperative scan procedures were
performed on each patient.
Operative technique. All the CEAs were per-
formed with general endotracheal anesthesia. A 14 ·
7–mm Brener carotid bypass shunt (C.R. Bard, Inc,
Billerica, Mass) was used in 97% of the procedures
during carotid occlusion. Vessel closure was by
means of vein patch angioplasty (n = 189; 78%),
prosthetic patch angioplasty (n = 32, 13%), or pri-
mary closure (n = 22, 9%). Intraoperative color
duplex scanning at completion was performed with
a linear array probe (7 to 10 MHz) or, more recent-
ly, with an Entos CL10-5 scanhead (ATL HDI
3000, Advanced Technology Laboratories, Bothell,
Wash). The endarterectomized vessel was imaged
from the proximal common carotid artery to the dis-
tal ICA and external carotid artery endarterectomy
endpoints. Mid-stream spectral waveforms with
recordings of peak systolic and diastolic velocities
were obtained from the common carotid artery, the
ICA, and the external carotid artery. All the carotid
repair defects that were believed to be anatomically
(intimal flap, >2 mm) or hemodynamically (peak sys-
tolic velocity [PSV], >150 cm/s; velocity ratio, >2)
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Table I. University of South Florida duplex scan criteria for grading primary and recurrent internal carotid
artery occlusive disease
Disease category 
(diameter reduction) PSV (cm/s) ICA/CCA ratio End-diastolic velocity (cm/s) Color Doppler scan image results
A/B (0 to 15%) <100 <2 NA Minimal or no lumen reduction
C (16% to 49%) <125 <2.5 NA Moderate lumen reduction
D (50% to 74%) >125 >2.5 <125 Severe lumen reduction
D+ (75% to 99%) >300 >4.0 >125 High-grade stenosis
E (occlusion) NA NA No flow visualized
PSV, Peak systolic velocity; ICA, internal carotid artery; CCA, common carotid artery; NA, not applicable.
significant were corrected at the time of operation.
Systemic heparinization was not routinely reversed
with protamine administration at the conclusion of
the procedure, and low–molecular weight dextran
was administered intravenously (25 mL/h) for 24
hours after surgery. Antiplatelet therapy (aspirin 325
mg/day) was administered before and after CEA.
Postoperative surveillance. Carotid duplex
scan evaluation was performed within 2 months after
surgery and every 6 months thereafter. Assessment
of neurologic symptomatology and compliance with
risk factor modification (hypertension, antiplatelet
therapy, and smoking cessation) were performed at
similar intervals. The incidence of perioperative and
late stroke, recurrent ipsilateral stenosis, and con-
tralateral disease progression were analyzed during
the follow-up period. Ipsilateral restenosis was
defined as the development of a >50% DR stenosis
in the operated carotid artery. The degree of lumen
stenosis was classified as <15% (A/B), 16% to 49%
(C), 50% to 74% (D), 75% to 99% (D+), or occlud-
ed (E; Table I). Contralateral disease progression was
defined as an increase in carotid stenosis classifica-
tion (A/B, C to D/D+/E or D to D+/E) from the
first examination to the last follow-up duplex scan
assessment (Table I). The development of ipsilateral
restenosis or contralateral disease progression to
>50% DR stenosis was considered significant.
Statistical analysis. Cumulative life-table analy-
ses were performed on the basis of duplex scan find-
ings and clinical evaluation of ipsilateral and con-
tralateral carotid arteries to recurrent or progressive
stenosis. The log-rank test was used to determine
the significance of the differences in the life-table
data. c 2 analysis and Fisher exact test were used to
compare the differences in disease progression
between the patient groups with either <50% or
>50% contralateral ICA stenosis at baseline. The
influence of patient risk factors on the occurrence of
restenosis or contralateral disease progression was
determined with univariate analysis.
RESULTS
Perioperative events. Intraoperative duplex
scans were interpreted as normal (n = 209; 86% of
repairs), abnormal but hemodynamically insignifi-
cant (n = 22; 9% of repairs), or hemodynamically sig-
nificant prompting immediate revision (n = 12; 4.9%
of repairs). Perioperative stroke occurred in one
patient (0.5% incidence rate) in the ipsilateral hemi-
sphere after revision for abnormal intraoperative
duplex scan results. A duplex scan abnormality (PSV,
200 cm/s) persisted after revision, and repair throm-
bosis occurred in the post-anesthesia recovery unit.
Despite re-operation and restoration of ICA paten-
cy, a disabling stroke persisted. Of the patients who
required intraoperative revision or had abnormal but
hemodynamically insignificant findings, none
demonstrated residual ipsilateral stenosis at the ini-
tial 1-month to 2-month postoperative duplex scan.
Follow-up events. Six patients died during the
follow-up period of causes unrelated to CEA or stroke.
Three disabling strokes occurred in the contralateral
cerebral hemisphere, and no strokes occurred in the
ipsilateral hemisphere, resulting in a cumulative 1.4%
incidence rate of stroke during a mean follow-up peri-
od of 28 months. Duplex scan surveillance results
detected 30 carotid arteries with either recurrent ipsi-
lateral (six of 221 patients; 2.7%) or progressive con-
tralateral (24 of 189 patients; 12.7%) ICA stenosis or
occlusion (Table II). No patient had both ipsilateral
restenosis and contralateral disease progression devel-
op after CEA. Hypertension was the only significant
risk factor that was identified with univariate analysis
associated with restenosis (P = .041) or contralateral
(P = .017) disease progression. Type of carotid artery
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Table II. Risk factor analysis for patients with recurrent stenosis and contralateral progression
Study group Restenosis Univariate Contralateral Univariate
Risk factor (n = 221) (n = 6) P value progression (n = 24) P value
Gender (M:F) 164:57 4:2 .285 17:7 .222
Tobacco use 105 2 .794 12 .194
CAD 96 1 .462 8 .498
CHF 39 0 .531 1 .390
Hypertension 120 6 .041 19 .017
MI 45 1 .663 4 .714
CVA (previous) 10 0 .645 1 .998
Diabetes mellitus 70 0 .514 5 .719
Hyperlipidemia 87 2 .574 7 .478
CAD, Coronary artery disease; CHF, congestive heart failure; MI, myocardial infarction; CVA, cerebral vascular accident.
closure, smoking, diabetes, hyperlipidemia, and gen-
der were not associated with ipsilateral restenosis or
contralateral disease progression.
Ipsilateral restenosis. Only six of 221 patients
(2.7%) had recurrent >50% DR stenosis develop dur-
ing the follow-up period (Fig 1). One patient had 
an asymptomatic >75% DR stenosis develop and
required reoperation, and five patients were observed
with asymptomatic, stable, 50% to 75% restenosis.
Restenosis occurred in three of six patients within 1
year of the original operation, and the other three
patients had restenosis develop between 2 years and
9 years post-CEA. The one patient who underwent
reoperation 7 months after CEA was asymptomatic,
but duplex scanning results showed mural thrombus
formation in the vein-patched angioplasty ICA seg-
ment and a progressive stenosis (PSV, 350 cm/s).
The mean and median time intervals to restenosis
were 19 and 27 months, respectively, for the six
patients. No patient had occlusion of the operated
ICA develop during the follow-up period. Also, no
patient had disabling stroke or hemispheric symp-
toms related to the operated ICA. The incidence rate
of ipsilateral restenosis after carotid endarterectomy
was 2.5% at 3 years and 4.1% at 5 years with life-table
analysis (Fig 2).
Contralateral disease progression. The status
of the contralateral ICA at the initial postoperative
duplex scan included occlusion (E, n = 32), >75%
DR stenosis (D+, n = 15), 50% to 75% DR stenosis
(D, n = 32), and <50% DR stenosis (A/B, C, n =
142; Fig 3). Thirteen of 15 patients with baseline
>75% contralateral ICA stenosis underwent staged
CEA after the ipsilateral operation. However, two
patients had disabling strokes associated with acute
contralateral ICA occlusion, both before the planned
staged contralateral CEA. A third disabling stroke
occurred in a patient 9 years after surgery who had an
initial contralateral <50% DR stenosis but had not
undergone follow-up duplex scanning in 3 years. In
the 32 patients with 50% to 75% DR contralateral
stenosis on the initial postoperative duplex scan, one
occlusion (3%) occurred during the follow-up period,
nine ICAs (28%) had >75% stenosis develop, and 22
ICA (69%) stenoses remained stable during the fol-
low-up period. Conversely, in the 142 patients with
<50% contralateral ICA stenosis initially, no occlu-
sions occurred, three ICAs (2%) had >75% DR steno-
sis develop, nine ICAs (6.1%) had 50% to 75% steno-
sis develop, and 130 ICAs (92%) remained at <50%
stenosis during the follow-up period (Fig 3).
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Fig 1. Duplex scan findings of operated internal carotid
artery (ICA) on initial postoperative study and at last follow-
up examination. Six carotid endarterectomy sites had >50%
stenosis develop after carotid endarterectomy. A/B, <16%
Diameter reduction (DR) stenosis; C, 16% to 49% DR
stenosis; D, 50% to 74% DR stenosis; D+, 75% to 99% DR
stenosis; E, carotid artery occlusion; N, number of patients.
Fig 2. Cumulative percent of disease progression over
time of operated and unoperated carotid artery.
Contralateral disease progression of carotid artery was
more frequent event than ipsilateral recurrent stenosis,
and scale was adjusted to emphasize this difference.
Overall, 24 of 189 patients (12.7%) with patent
contralateral ICA on initial duplex scan results had
significant disease progression develop (one disease
category or more). Progression of contralateral ICA
stenosis was significantly more frequent than ipsilat-
eral restenosis with life-table analysis (P = .003; Fig
2). The incidence rate of contralateral progression to
>75% stenosis from an initial 50% to 75% stenosis was
significantly greater than for an initial <50% stenosis
(P = .001). In addition, the mean time interval for
progression to a >75% stenosis from a 50% to 75%
contralateral stenosis was significantly less than for an
initial <50% stenosis (31 vs 40 months; P = .002). All
but one patient who required contralateral CEA dur-
ing the follow-up period had a >50% ICA stenosis at
the initial duplex scan. All seven patients who under-
went operation for progression to >75% DR stenosis
were asymptomatic before contralateral CEA.
Three contralateral ICA occlusions developed
despite duplex scan surveillance, and all occurred in
patients with an initial >50% stenosis. Two of the
three occlusions resulted in disabling strokes.
Because the overall incidence rate of stroke was small
during the follow-up period (1.4%), there was no
significant difference in stroke rate between patients
with >50% and <50% contralateral ICA stenosis at
the initial duplex scan (P = .14).
We recommend follow-up duplex scanning with-
in 1 to 2 months after CEA and, if normal, yearly
thereafter. More frequent (every 6 months) surveil-
lance is indicated for patients with residual or recur-
rent stenosis >50% DR or contralateral stenosis
>50% DR (Fig 4).
DISCUSSION
Duplex scanning provides accurate noninvasive
anatomic and hemodynamic information of arterial
disease severity and is ideally suited for both intraop-
erative and postoperative carotid surveillance.16
Intraoperative duplex scanning resulted in 12 imme-
diate revisions (4.9%) and contributed to the low
overall 0.5% perioperative stroke rate observed after
CEA. During the follow-up period, duplex scan sur-
veillance detected a low incidence of recurrent ipsilat-
eral ICA stenosis (2.7%) and a higher rate of con-
tralateral ICA disease progression (12.7%). Restenosis
occurred 2 years or less after CEA in four of six
patients, with reoperation performed in one patient
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Fig 3. Contralateral disease progression of unoperated
carotid artery. Increase or stability of carotid stenosis clas-
sification to >50% diameter reduction (DR) stenosis after
carotid endarterectomy until last follow-up duplex scan.
A/B, <16% DR stenosis; C, 16% to 49% DR stenosis; D,
50% to 74% DR stenosis; D+, 75% to 99% DR stenosis; E,
carotid artery occlusion; N, number of patients; CEAs,
carotid endarterectomies; CVA, cerebral vascular accident.
Fig 4. University of South Florida algorithm of duplex
scan surveillance after carotid endarterectomy on basis of
intraoperative duplex scan findings and severity of con-
tralateral carotid artery stenosis. DR, Diameter reduction;
CEA, carotid endarterectomy.
(0.5%). Contralateral ICA disease necessitated a
longer time interval for progression after CEA and
occurred four times more frequently in patients with
>50% to 75% DR stenosis as compared with <50% DR
stenosis at the initial duplex scan. Overall, only 13
patients (5.9%) had severe disease of the ipsilateral or
contralateral ICA develop (>75% DR stenosis) during
the follow-up period that warranted additional inter-
vention. The incidence rate of disabling stroke was
1.4% with duplex scan surveillance, and all three
strokes occurred in the cerebral hemisphere contralat-
eral to a CEA.
As CEA is performed with increasing frequency
for patients who are both symptomatic and asymp-
tomatic with ICA stenosis, data on recurrent steno-
sis and contralateral disease progression and their
effect on long-term stroke risk are increasingly
important. The incidence rate of recurrent stenosis
varies from 4% to 22%, with the lower rates report-
ed more recently. Reported restenosis rates and the
need for reintervention have also varied depending
on the length of the follow-up period.3-10 Recurrent
stenoses that develop within 2 years of operation are
generally fibroproliferative lesions and, when in the
50% to 75% DR range, remain asymptomatic during
the short-term follow-up period.5-10 However,
hemispheric symptoms are more frequent with high-
grade restenosis (>80% DR), and the incidence rate
of progression from 50% to 75% DR to a higher
grade recurrent stenosis may be as high as 20% with-
in 5 years post-CEA.17 Studies with longer follow-
up intervals show recurrent rates of 13% and 23% at
5 and 10 years, indicating a persistent risk of
restenosis extending beyond the initial hyperplastic
healing response in the endarterectomized carotid
segment.6,7,15,18 The rate of recurrent stenosis in
our series was lower in comparison (4.1% at 5 years)
and developed beyond 2 years after CEA in one
third of the patients. Our duplex scan follow-up
results indicated that the yield of long-term surveil-
lance of the ipsilateral carotid post-CEA is low and
that frequent testing is not necessary. However, the
continued surveillance of 50% to 75% DR restenotic
lesions is recommended every 6 months, with reop-
eration if hemispheric symptoms develop or if pro-
gression to >75% stenosis occurs.
Technically imperfect CEA repairs may be associ-
ated with an increased risk of postoperative stroke as
a result of ICA thrombosis or the development of
high-grade residual stenosis.14,19,20 Kinney et al14
reported a three times higher incidence of stroke
and ICA restenosis/occlusion in patients with resid-
ual stenosis. In our experience, the use of the intra-
operative duplex ultrasound scanning to detect and
correct residual stenosis was associated with a low
incidence rate (0.5%) of perioperative stroke and
ICA occlusion. During long-term duplex scan sur-
veillance, recurrent stenosis was an uncommon find-
ing post-CEA, a finding that further supports the
use of intraoperative duplex scanning to achieve an
optimal initial hemodynamic result and potentially
limit restenosis.
Bilateral carotid disease is common in patients who
are identified as candidates for CEA. Approximately
one third of patients will have significant contralateral
ICA disease (>50% DR), of which one quarter have
total occlusions at the initial evaluation.17,21,22 As in
our study, other investigators have found a higher fre-
quency of disease progression in the contralateral ICA
as compared with restenosis of the operated carotid
during the follow-up period.12,18,23 These authors also
noted an increasing frequency of contralateral disease
progression during the long-term follow-up period,
with a mean annual rate of progression to >50% steno-
sis of 7.4% to 10.8% and to >75% stenosis of 2.8% to
3.4%.12,23 A significant stroke rate (5.3%) was report-
ed during the follow-up period in one of these stud-
ies,12 and the incidence rate of neurologic symptoms
attributed to the contralateral ICA was 23.7%.
Similarly, 35.7% of the patients in our series had >50%
stenosis detected initially or during the follow-up peri-
od, with 5.2% of the patients having >75% stenosis
develop with surveillance. Twenty-eight percent of the
patients with an initial 50% to 75% contralateral steno-
sis had >75% stenosis develop as compared with only
2% of the patients with <50% stenosis initially. These
findings support continued duplex scan surveillance
post-CEA of a >50% contralateral ICA stenosis. The
low incidence of contralateral disease progression in
patients with <50% stenosis do not justify frequent sur-
veillance after CEA.
Stroke after CEA is uncommon (0.3% to 1% per
year) with a similar incidence of ipsilateral and con-
tralateral hemispheric events.11-13,17,21,22,24-26 Ideally,
duplex scan surveillance should facilitate detection
and intervention on high-grade recurrent or con-
tralateral stenoses and decrease the postoperative risk
of stroke. However, the association between postop-
erative stroke and ipsilateral recurrent stenosis remains
less clear. Kinney et al14 reported a significantly high-
er incidence of late stroke in patients who had carotid
restenosis or occlusion develop (three of 35) as com-
pared with patients with duplex scan results showing
normal endarterectomy sites or <50% restenosis
(three of 426). Several retrospective studies that used
more aggressive intervention of high-grade recurrent
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stenoses have found a similar incidence of stroke 
in patients with duplex scan–detected recurrent
stenosis and those with mild or no recurrent dis-
ease.11-14,16,19,21,22,26 Mattos et al,12 in a follow-
up study of 409 CEAs, identified 10 symptomatic
restenoses (2.4%) and reported identical ipsilateral
stroke-free intervals and stroke rates (6%) in
patients with and without recurrent stenosis. These
authors questioned the need for long-term duplex
scan surveillance after CEA. Studies of duplex scan
surveillance have documented a higher incidence
of high-grade stenosis and stroke contralateral to
the operated carotid artery, particularly if >50% 
DR stenosis was present initially.12,17,21-24,26-29
Golledge et al24 recommended a selective policy
with long-term duplex scan follow-up restricted to
patients with an initial >50% DR contralateral
stenosis. The selective policy was proposed to
reduce by 80% the number of duplex scan studies
performed as compared with a policy of routine
surveillance after CEA. The efficacy of this ap-
proach was on the basis of an acceptable 1% inci-
dence rate of contralateral hemispheric events in
patients with <50% stenosis of the contralateral
carotid artery. Johnson et al30 recommended annu-
al study for those patients with moderate carotid
artery disease and less frequent surveillance at 2-
year intervals for patients who were symptom free
with <50% DR stenosis on initial examination. The
incidence rate (1.4%) of late strokes observed in
our series, all of which were attributed to the con-
tralateral hemisphere, was related to severe con-
tralateral stenosis and progression to ICA occlu-
sion. Given the small number of strokes that
occurred during the follow-up period, it was not
possible to prove a relationship to initial postoper-
ative contralateral stenosis severity.
CONCLUSION
The use of intraoperative and postoperative sur-
veillance duplex scanning contributed to low periop-
erative (0.5%) and late (1.4%) stroke rates. Only 13
patients (5.9%) had high-grade restenosis or con-
tralateral stenosis develop to warrant additional
intervention during the long-term follow-up period.
The progression of contralateral disease rather than
restenosis was the most common abnormality iden-
tified and was predicted by a >50% DR stenosis at
first examination. On the basis of these results, we
recommend duplex scanning within 1 to 2 months
after CEA and, if normal, yearly thereafter. Duplex
scanning every 1 to 2 years thereafter (cost $140 to
$200 per scan) may be adequate when a technically
precise CEA is achieved, when no restenosis (<50%)
is detected in the first year, and when <50% DR con-
tralateral stenosis is present. More frequent surveil-
lance (every 6 months) is indicated in patients with
residual or recurrent ipsilateral stenosis or with con-
tralateral ICA stenosis of >50% DR with duplex scan
criteria. The development of hemispheric symptoms
in the presence of >50% DR ICA stenosis or asymp-
tomatic disease progression to a high-grade stenosis
(>75% to 80% DR) during the long-term follow-up
period should prompt a recommendation of surgical
intervention in appropriate patients.
We thank David Cuthbertson from the Department of
Biostatistics at the University of South Florida for his assis-
tance with the statistical analysis.
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